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Abstract 
This study explores 12-month-olds’ understanding of face-to-face conversation, a key 
contextual structure associated with engagement in a social interaction. Using a violation-
of-expectations paradigm, we habituated infants to a “face-to-face” conversation, and in a 
test phase compared their looking times between “back-to-back” (conceptually novel) 
and “face-to-face” (conceptually familiar) conversations, while simultaneously 
manipulating perceptual familiarity in a 2 X 2 factorial design. We also analysed dynamic 
changes in pupil dilation, which are considered a reliable measure of cognitive load that 
may index processing of social interactions. Infants looked relatively longer at perceptual 
changes (new speaker positions) but not at conceptual change (back-to-back 
conversation), suggesting that face-to-face conversation may not elicit particular 
expectations, and so may not carry any particular conceptual significance. Moreover, on 
the first test trial, larger pupil dilation was observed for familiar conditions, suggesting 
that familiarity with perceptual features could enhance processing of conversations. Thus, 
this study undermines assertions regarding infants’ conceptual understanding of the social 
signals underlying engagement. Infants may rather recognize such signals through their 
perceptual familiarity and associated positive feelings. This may then increase their 
engagement when observing and participating in others’ collaborative activities, in turn 
allowing for the development of knowledge regarding others’ intentions. 
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Introduction 
Participating in collaborative activities very early in development seems to require 
a complex understanding of others’ engagement; that is, their motivation to attend and 
stay involved in those activities. In fact, infants as young as 2 months of age show the 
ability to coordinate their behaviours with those of their caregivers  (Fantasia, Fasulo, 
Costall, & López, 2014; Reddy, Markova & Wallot, 2013; Tronick, Als, Adamson, Wise, 
& Brazelton, 1979). However, the development in infancy of the cognitive mechanisms 
involved in understanding others’ conversations and attitudes, and inferring speakers’ 
engagement from them, is still not completely understood (Tomasello, Carpenter, Call, 
Behne, & Moll, 2005). 
Several studies have highlighted the role of everyday social interactions on the 
development in infancy of the understanding of others’ attitudes and behaviour (Mundy 
& Newell, 2007; Skinner, 1957; Thiessen, Hill, & Saffran, 2005; Schilbach et al., 2013). 
However, one problem when addressing developmental processes concerns the wide 
variety of rearing practices across human cultures (Bhavnagri, 1986). In fact, it is not 
clear at all if children in all cultures are exposed to a similar degree to the types of social 
interactions, such as joint attention or infant-directed speech, which underlie the first 
collaborative activities (Kagan & Klein, 1973; Ochs & Schieffelin, 1984, 2001). For 
instance, Kaluli people of Papua New Guinea and Samoans constantly orient their infants 
to pay attention to people, positioning them as passive observers and overhearers rather 
than addressees. Caregivers also show a disinclination to simplify and clarify 
communication for young children. And yet, these children develop functional socio-
cognitive skills. In fact, it seems that basic observation of others’ behaviours, and the 
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context in which they are produced, can be sufficient for an infant to segment actions, to 
differentiate actors involved in a collaborative activity, and even to understand their 
intention and the meaning of certain words (Akthar, 2006; Bruner, 1985; Landauer & 
Dumais, 1997; Rogoff, Paradise, Mejia-Arauz, Correa-Chavez, & Angelillo, 2003; 
Woodward, 1998). This could be achieved because interactions exhibit regularities that 
allow infants to learn, via habituation and conditioning, the contextual structures in which 
actions take place; that is, any spatial and temporal contingencies indicative of a specific 
action frequency. Therefore, the identification of relevant contextual structures 
characteristic of engagement in a social interaction is a promising path to investigate 
infants’ understanding of others’ engagement. 
The aim of this study is to explore 12-month-olds’ understanding of one typical 
posture that is associated with engagement: face-to-face conversation. Orientation to the 
mother, gazing at her, and facial expression displays during face-to-face play are among 
the first experiences of engagement in infancy (Beebe & Gerstman, 1980). Mutual gaze 
between two people also appears to be especially attractive for infants. In fact, it has been 
reported that 10-month-old infants are able to detect mutual gaze (Beier & Spelke, 2012) 
and that face-to-face posture makes it easier for 6- and 11-month-old infants to switch 
their attention between two persons (Augusti, Melinder, & Gredebäck, 2010; Handl, 
Mahlberg, Norling, & Gredebäck, 2013). These authors suggest that infants “know that 
people look at other people while engaging them in conversation” (Beier & Spelke, 2012) 
and that they “may be aware of some of the prerequisites that give meaning to these 
interactions (e.g., to face the person one talks to)” (Augusti et al., 2010). Other studies 
have claimed further that infants may understand goal-directed actions and others’ 
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intention (Csibra, 2008; Falck-Ytter, 2006; Woodward, 1998). However, infants of this 
age show similar looking-time duration between face-to-face and back-to-back 
conversations (Augusti et al., 2010) and do not seem able to anticipate the flow of 
conversations by fixating on the next speaker just before (s)he starts to speak in such 
situations (von Hofsten, Uhlig, Adell, & Kochukhova, 2009). 
Claims of complex skills and conceptual understanding in young infants are at the 
receiving end of increasing criticism for eschewing the role of perceptual processes 
(Haith, 1998; Jackson & Sirois, 2009). For example, findings that children shift their 
attention and check the gaze direction of an adult using a novel word (Akthar, 2006; 
Baldwin, 1993) have been explained as an active gathering of information about the 
referent of this novel term, suggesting a conceptual understanding associating a novel 
word with a novel meaning (Baldwin & Moses, 2001). However, other experiments have 
strongly suggested that children orienting might rather be explained by a simple 
automatic response to perceptual novelty (Samuelson & Smith, 1998). In the same way, 
following the flow of conversation may be easier in the face-to-face condition because of 
a higher proximity with less empty space between the two gazes attracting the infants’ 
attention, and making perception easier. Alternatively, bodily orientation may guide 
infants’ attention because of previous positive association between orientation and stimuli 
appearance on the gaze axis. These alternative hypotheses do not presume any conceptual 
knowledge of intention or goal underlying engagement in such social interactions. 
In order to explore how 12-month-old infants understand face-to-face 
conversation, we used a Violation of Expectations (VoE) procedure to compare their 
processing of a “disengaged” social interaction (two persons talking back-to-back), after 
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being habituated to an “engaged” social interaction (the same persons talking face-to-
face). The study design integrated a perceptually novel factor (speakers’ relative positions 
reversed) along with a presumed conceptually novel factor (back-to-back conversation) 
for the test phase. However, conceptually distinct events are, by necessity, perceptually 
distinct (Sirois & Mareschal, 2002), making looking-time data potentially equivocal. For 
this reason, the substantial and relevant information provided by looking-time durations 
was enriched with measures of pupil dilation. Although primarily a function of 
luminance, pupil dilation is also an unbiased indicator of information processing load and 
emotional arousal (Beatty, 1982). Pupil diameter has been observed following the 
presentation of interesting, attention grabbing and unusual events (Libby, Lacey, & 
Lacey, 1973) and has been used previously to investigate the detection of impossible 
events and non-rational social interactions by infants (Gredebäck & Melinder, 2010; 
Gustafsson et al. 2015; Jackson & Sirois, 2009; Karatekin, 2004, 2007; Porter, 
Troscianko, & Gilchrist, 2007; Sirois & Jackson, 2008). Rather than contrast cumulative 
looking-time durations with sequences that are identical or similar apart from one key 
event or feature, change in pupil size can be measured concomitantly with the unfolding 
diverse events. Thus, if infants understand conceptually the engagement underlying face-
to-face conversation, predictions for pupil diameter are that at key moments during the 
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Thirty-seven infants (21 male, 16 female), healthy and full-term, were tested in 
the study. Mean age was 12 months, 10 days (SD = 0 month, 7 days). 21 additional 
infants were excluded from the analyses: 6 due to fussiness/crying, 6 for calibration 
failure and 9 for eye-tracking deficiency. Infants were recruited through poster 
advertisements and direct information sessions to parents through a local baby resource 
center and hospital vaccination centers. Participants were all from French-speaking 
families whose parents were informed about the study, willing to take part in it, and had 
the means to come to the University (either by car or public transport). Once at the 
laboratory, parents received explanations about the procedure, were told not to interact 
with their infant during the experiment, and provided written consent. Participants were 
given a diploma and a reusable shopping bag as gifts for their participation. 
Apparatus 
The infants sat on their parent’s lap in a dimly-lit cubicle, in front of a video 
monitor (screen size 60 cm x 34 cm, resolution at 1920 X 1080 pixels). The monitor was 
placed on a table covered with a black cloth 60 cm away from the infants so that the eye 
tracker could successfully capture their eyes. Audio speakers were located behind the 
monitor, on both sides. A camera mounted to the ceiling allowed the experimenter to 
monitor the infant and parent during the study. Gaze and pupil dilation were measured 
using a Tobii X120 eye tracker, at a sampling rate of 60 Hz. Stimulus presentation was 
carried out with E-prime 2.0 software and the E-prime extensions for Tobii software 
library. Once the door was closed, a five-point calibration was performed, and then the 
study began. 
Stimuli 
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The stimuli consisted of .avi movies shown in 1920x1080 resolution, played at 30 
frames per second, with a duration of 6.58 seconds (197 frames). A still picture of the 
first frame of the movie appeared at the beginning of each video. The movie started 
playing when the baby looked at the still picture for a minimum of 200 msec. Each movie 
began with two women facing the infant. Then, they turned to stand face-to-face looking 
at each other, or to stand back-to-back looking directly in front of them. The women were 
seen sideways from the torso upwards. Both were wearing a black shirt, had their hair 
tied so that their faces were clearly visible, and did not wear glasses, jewellery or make-
up. The actresses were two French-speaking caucasian women in their 20s, and the 
background was gray (see Figure 1). 
The women turned 0.6 seconds from movie onset and the conversation between 
them started 1.4 seconds later. 
The first speaker says: “Hi!” 
The second speaker answers: “Hi!” at 2.50 seconds 
First speaker: “It is a nice day today!” at 3.2 seconds 
Second speaker: “Yes but it will rain tomorrow” at 4.3 seconds 
After the conversation, the actresses remained silently in their places. Once the 
video ended, the last frame was frozen until the infant looked away for more than 2 
seconds or until 10 seconds had elapsed in cases where infants kept looking at the still 
image. Thus trials lasted between 8.58 and 16.58 seconds from movie onset. 
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Figure 1. Screenshots of experimental videos, showing (a) the start of a sequence, (b) a face-to-face conversation 
condition, and (c) a back-to-back conversation condition. 
Design 
We used a habituation paradigm. All infants were habituated to a conventional 
event (face-to-face condition). We measured infants’ looking-time duration at the still 
image at the end of the conversation in order to account for the intrinsic attractive effect 
of the video clip, and to focus only on the sustained attention it elicits (Woodward, 2003). 
Pupil dilation was measured throughout the experiment. Habituation was infant-
controlled, with a maximum of 16 trials. We considered habituation to have occurred 
when we measured a 50% decrease in mean looking time on three consecutive trials, 
relative to mean looking on the first three trials (after Horowitz, Paden, Bhana, & Self, 
1972; Colombo & Horowitz, 1985). After habituation, infants were shown four videos 
(test trials), in random order: (1) the same video that had been presented during the 
habituation phase (face-to-face and familiar speakers’ positions), (2) a similar video but 
actresses swapped their positions (face-to-face and novel speakers’ positions), (3) a 
“disengaged” video with the same speakers in the same positions as during habituation, 
but women back-to-back (back-to-back and familiar speakers’ positions), and (4) a 
“disengaged” video with the positions swapped (back-to-back and novel speakers’ 
positions). All four videos were created from the same sequence, using video editing to 
swap positions of speakers, and mirroring to make them turn in the opposite direction of 
the original sequence, where appropriate. Thus, in all sequences, the actresses said the 
same lines at the same times, and only their relative positions and orientations varied 
between test trials. Test trials formed a 2 (conversation, face-to-face or back-to-back) by 
2 (speakers’ positions, familiar or novel) factorial design. 
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Analyses 
A 2 (conversation) by 2 (position) repeated-measures ANOVA was performed on 
looking-time duration. Pupil diameter data were recorded for both eyes throughout trials. 
We transformed the raw data from the test trials into smooth curves and performed the 2 
(conversation) by 2 (position) repeated-measures ANOVA on the curves themselves, 
using Functional Data Analysis (FDA; Ramsay & Silverman, 1997). Functional ANOVA 
produces a curve as its result, which can be plotted over time to assess if and, crucially, 
when interactions or main effects are observed. We used b-spline functions in order to 
generate smooth curves. Readers are referred to Jackson and Sirois (2009) for a detailed 
description of such analyses. 
Presenting all test conditions to each infant may have masked otherwise 
noticeable pupil-dilation results. For instance, after seeing a single “back-to-back” trial, 
infants may show less interest in further divergent trials. To control for an effect of trial 
order, we also ran a 2 (conversation) by 2 (position) ANOVA for looking time duration 
on the first test trial, and analyzed pupil dilation on that first test trial with independent t-
test. For their first test trial, nine infants were shown the “face-to-face and familiar 
speakers’ positions” video, 14 infants were shown the face-to-face and novel speakers’ 
positions, five were shown the “back-to-back and familiar speakers’ positions” video, and 
nine were shown the “back-to-back and novel speakers’ positions” video. 
Results 
Looking time analyses 
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The average duration of looking over the first three habituation trials across 
infants was 4.23 sec. All infants habituated to this first phase. The average duration of 
looking on the last three habituation trials was 1.02, a 76% decrease. Regarding the test 
trials, mean looking times are shown in Figure 2. The interaction between “position” and 
“conversation” did not reach significance (F(1, 36) < 0.001, p = 0.990, partial ž2 < 
0.001). There was no effect of “conversation”, (F(1, 36) = 0.017, p = 0.898, partial ž2 < 
0.001). Infants tended to look longer with the novel speakers’ positions than with the 
familiar ones (F(1, 36) = 3.834, p = 0.058, partial ž2 = 0.096). 
Figure 2. Mean looking times (± SEM) of test trials as a function of conversation condition and speakers’ positions. 
When considering only the first test trial, the interaction between “conversation” 
and “position” did not reach significance (F(1, 36) = 0.287, p = 0.596, partial ž2 = 
0.009). There was no significant effect of “conversation” (F(1, 36) = 2.007, p = 0.166, 
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partial ž2 = 0.057) or “position” (F(1, 36) = 0.420, p = 0.522, partial ž2 = 0.013) These 
looking times are shown in Figure 3. 
Figure 3. Mean looking times (± SEM) of first test trials as a function of conversation condition and speakers’ 
positions. 
Pupil diameter analyses 
Mean pupil dilation b-spline curves for each type of test trial are shown in Figure 4. 
These are 4th order polynomials, with 18 bases. Figure 5 plots the outcome of repeated-
measures functional ANOVA on pupil diameter, with position and conversation as 
repeated factors. None of the curves exceed the critical value of the relevant F 
distribution, but the interaction tended to be significant when speakers started to turn. In 
fact, pupil dilation was higher for the most familiar condition (face-to-face, familiar 
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speakers’ position) and the most novel condition (back-to-back, novel speakers’ 
position), as illustrated in Figure 4 and 5. 
Figure 4. Mean b-splines for the four test trials. Dotted vertical lines indicate key moments.
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Figure 5. Interaction and main effects from the functional repeated-measures ANOVA. The upper dashed horizontal 
line is the critical value for the F-ratio. The lower dashed horizontal line indicates tendencies. 
Figures 6 and 7 plot the mean curves and the outcome of an independent t-test on 
pupil diameter with conversation (face-to-face or back-to-back) and position (familiar or 
novel) as independent variables. When considering only the first test trial, both curves 
exceed the critical value of the relevant t-test distribution (shown as a dashed horizontal 
line in the figure). Pupil dilation was higher for the familiar "face-to-face" conversation 
from the time that the speakers start turning until the end of the video (Figure 6). 
Similarly, familiar position elicited higher pupil dilation after speaker 2 answered (Figure 
7). 
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Figure 6. (a) Mean b- splines for the ﬁrst test trials involving “Back-to-back” and “Face-to-face” conditions. Dotted 
vertical lines indicate the key moments as in Fig. 3. (b) Main effects from the independent t test. The dashed 
horizontal lines are the critical t-values. 
Figure 7. (a) Mean b- splines for the ﬁrst test trials involving “Novel position” and “Familiar position”. Dotted vertical 
lines indicate the key moments as in Fig. 3. (b) Main effects from the independent t test. The dashed horizontal lines 
are the critical t-values. 
Discussion 
Infants looked longer at test events that involved novel speakers’ positions (which 
merely involved perceptual novelty), but not back-to-back conversations (although they 
involved both perceptual and conceptual novelty). Moreover, we observed no change in 
infants’ pupil dilation when the speakers’ positions were swapped, or for the back-to-
back condition. Our results differ from a previous habituation study based on looking 
times, showing discrimination between face-to-face and back-to-back conditions in 10-
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month-olds (Beier & Spelke, 2012). This may be explained by our decision to measure 
looking-time duration on the still image at the end of the movie, in order to focus on 
attention-holding, which may reveal some conceptual violation. In contrast, the study of 
Beier & Spelke (2012) used a visual preference procedure by presenting both conditions 
simultaneously which increased the chances of revealing perceptual discriminations, 
since infants are “forced” to choose between videos. In our case, the higher attention 
provoked by the novelty of the back-to-back position may not have been sufficient to 
overcome the intrinsic attractive characteristics of the familiar face-to-face posture 
resulting in no differences between face-to-face and back-to-back conditions. 
The lack of changes in pupil dilation suggests that infants allocate parsimonious 
cognitive resources to these events. In fact, while the change of speakers’ position, which 
is simply a perceptual change, can elicit longer gaze, the absence of longer gaze or larger 
pupil dilation for the back-to-back conversation suggests that 12 month-old infants may 
not be sensitive to the novel perceptual and conceptual features of back-to-back 
conversations (incongruence with the “laws of engaged communication”). Moreover, if 
we consider turning face-to-face to converse as a goal-oriented action, our results are in 
contrast with previous findings suggesting that infants may be sensitive to goal-oriented 
action (Csibra, 2008; Falck-Ytter et al., 2006; Woodward, 1998). Keeping in mind that 
negative results should always be cautiously interpreted, our data suggest that the face-to-
face condition, not eliciting particular expectations and predictions from the infants, does 
not carry particular conceptual significance. 
Assuming that infants form expectations about a conversation’s contextual 
structure, the lack of sensitivity to conceptual violations could also be explained by the 
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fact that (1) day-to-day interlocutors’ positions are too variable, making back-to-back 
conversation not unusual for the infants (e.g., parents talking while mobile during 
household tasks), and/or that (2) 12-month-olds have enough experience to attend 
especially to the social interactions that may foreshadow specific outcomes to them, such 
as a caregiver taking a feeding bottle, and/or (3) stimuli displayed on the screen may have 
elicited less reactions and understanding in infants compared to real persons. 
That being said, infants showed higher pupil dilation at the first key event for the 
most familiar (face-to-face conversation and familiar speakers’ position) and the most 
novel (back-to-back conversation and novel speakers’ position) conditions, suggesting 
they allocate their attention towards familiar engaged social interactions and towards 
familiar interactions with unexpected important perceptual changes. Intermediate 
perceptual deviations from the familiar scenarios would appear to decrease infants’ 
information processing. 
This is confirmed when focusing on the first test trial. In fact, according to our 
pupillometry results, infants appeared to be more aroused by videos displaying the 
familiar face-to-face condition and the familiar position. So, novelty appears again to 
disrupt infants’ processing of the video clips instead of revealing any conceptual 
understanding. The fact that familiarity with the usual contextual structures of 
conversation seemed to favor the infants’ information processing is intriguing. We 
hypothesize that situations of engagement, through their perceptual familiarity may be 
recognized by the infants as facilitators of information processing. Such recognition and 
understanding of signals underlying engagement could be achieved without conceptual 
knowledge but rather through perceptual familiarity and associated positive feelings. This 
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may favor the engagement of the infants themselves in the observation of others’ 
interactions, and their participation in collaborative activities, allowing for the 
development of knowledge regarding others’ intentions (Schilbach et al., 2013). By 
providing a richer picture of what drives infants’ looking, this study highlights the 
relevance of analyzing dynamic changes in pupil diameter to study infants’ information 
processing and social cognition. 
In summary, while acknowledging that face-to-face position may guide infants’ 
attention or help them to follow conversations, our results undermine assertions regarding 
infants’ awareness of what gives meaning to such social interactions. They rather suggest 
that engagement recognition in infancy might be considered from a more perceptual than 
conceptual perspective. Contexts and structural frameworks in which experiences take 
place are known to shape persons’ attention and attitudes towards what they perceive 
(Barwise & Perry, 1981; Fantasia et al., 2014; Streitfeld & Wilson, 1986; Sun, 2009). 
Therefore, familiar conditions may help to allocate attention towards the signals relevant 
to engagement and the incoming collaborative activities. Such processes could form the 
basis of future conceptual representations of the conventional structural context into 
which collaborative activities are embedded in an infant’s culture. In the study of Hofsten 
and colleagues (2009), 3-year-olds managed to anticipate the flow of conversations by 
fixating the next speaker just before (s)he starts to speak, suggesting they form stronger 
expectations about conversation structure, and would likely dishabituate to the “back-to-
back” speaking position with our study design. This is in line with current models 
highlighting the initial role of neuronal systems dedicated to orientation and perceptual 
attention in bootstrapping the complex social cognition, and the conceptual representation 
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allowed by the late maturing cortical networks (Sirois & Karmiloff-Smith, 2009). It is the 
resulting organized and fast integrated processing of information between distal cortical 
networks which may support the conceptual understanding of engagement, as well as 
intention reading and goal understanding (Mundy & Newell, 2007). This progressive 
understanding would be expected to refine itself throughout childhood and early 
adolescence. 
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Screenshots of experimental videos, showing (a) the start of a sequence, (b) a face-to-face conversation 
condition, and (c) a back-to-back conversation condition.  
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Mean looking times (± SEM) of test trials as a function of conversation condition and speakers’ positions. 
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Mean looking times (± SEM) of first test trials as a function of conversation condition and speakers’ 
positions.  
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Mean b-splines for the four test trials. Dotted vertical lines indicate key moments. 
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Interaction and main effects from the functional repeated-measures ANOVA. The upper dashed horizontal 
line is the critical value for the F-ratio. The lower dashed horizontal line indicates tendencies.  
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(a) Mean b- splines for the ﬁrst test trials involving “Back-to-back” and “Face-to-face” conditions. Dotted 
vertical lines indicate the key moments as in Fig. 3. (b) Main effects from the independent t test. The dashed 
horizontal lines are the critical t-values.  
235x73mm (150 x 150 DPI)  





























































(a) Mean b- splines for the ﬁrst test trials involving “Novel position” and “Familiar position”. Dotted vertical 
lines indicate the key moments as in Fig. 3. (b) Main effects from the independent t test. The dashed 
horizontal lines are the critical t-values.  
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